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� ������ ��!"#$%&'�()$ *+�,- !&�.!/.0.11$ )��23�"� ��,1�,&41�"� /�#�4.11$ !&"���,3- *
,.�)�&�1�+* /�-)���5 !� )6.+�' �&!*,&11$ !& ��(�+& /#�7-1&+-. 8��-+&1� &1&#��-01� ,-�&!-
%#$ ,-!1&0.11$ 3�1�&3�1-6 !*)-#( +�4 !&"���,3�' �& 9*13:��1&#(1-+- .#.+.1�&+-. ; *+�, )��2-
3�)�� �& 1&,&1�&4.1�)�� �/�� ,-!1&0.1� +�1�+&#(1. !*)-##$ !&�-)3&11$. ;&/��/�1�,&1� ,-�&! %#$
,-!1&0.11$ 3�-�-01-6 !1&0.1( 3�+/�1.1� )-# ��!&11$.

������  "���#: !&"���,3&, ,.�)�&�1-2 /�-)���2, ��,1�,&"&, )��23�)�(, )-#& ��!&11$, !*)-##$
!&�-)3&11$.

2%�-'�%+�' F*%G),#�. ;��/'"'#� .�+/'�)<
(;>) .�+$#"-�#� 76� ')-#)?) ,"$0("##� '" #"7�9-
#)?) $"1��.6�##� $"?)')()1 .�+ *�!"#�-#�9 ),�)-
,%� #" *�'"6)��$"68#+! (��/'"'"! '" @ #�-
(�7’@*#)A -"/'+#)A $"*1#�#)< '�!#)6)?�-#)< /+/-
'�*+ «(��/'"' – ;> – ��$"68#+9 �#/'�0*�#' –
$"?)')(1"». �"*� ;> $#"-#) (.6+("A'8 #" (+.0/1
1)#10��#')/.�)*):#)< .�)701%�<, $",�$.�-0A-+
$"7"#0 ')-#�/'8 '" �1�/'8 ),�),6A("#+! .)(��-
!)#8, 7)/'"'#A :)�/'1�/'8 '�!#)6)?�-#)< /+/'�*+,
?#0-1�/'8 (+�),#+-)?) .�)%�/0 '" /),�("�'�/'8
1�#%�()?) (+�),0. B� .�7'(��7:0@'8/� '+*, C) ;>
/'"#)(6�'8 70–80% (�7 $"?"68#)?) ),/�?0 '�!#)-
6)?�-#)< )/#"/'1+ [1]; 0 $"?"68#)*0 ),/�$� ("�')/'�
(+�),#+-)< /+/'�*+ #" -"/'10 ;> (�7#)/+'8/�
10–20% [2]; 80–90% (+'�"' -"/0 #" '�!#)6)?�-#0
.�7?)')(10 (+�),#+%'(" (+'�"-"@'8/� #" .�)�1'0-
("##� '" (+?)')(6�##� ;> [3]; 40% ,�"1)("#+!
7�'"6�9 .�/6� *�!"#�-#)< ),�),1+ @ #"/6�71)*
#�7)/1)#"6)/'� ;> [4]. D"1+* -+#)*, .�),6�*"
.�)�1'0("##� ;> @ "1'0"68#)A, .)(’�$"#)A $
(":6+(+*+ #"01)()-.�"1'+-#+*+ $"(7"##�*+
$",�$.�-�##� /'�91)?) .)6):�##� $"?)')(1+ 0 ;>
0 .�)%�/� F)�*)0'()��##� .)(��!)#8 7�'"6�9.

/�')�H %�-'���I J%�)�JK,�$ � F"G)��'(�L.

G" 7"#+9 -"/ 0 /(�'� �)$(+("A'8/� ��$#� .�7!)7+
7) .�)�1'0("##� '" 7)/6�7:�##� ;> 76� ).��"%�9
*�!"#�-#)< ),�),1+ 7�'"6�9 ��$#+! 16"/�(. 36�
(+$#"-�##� /0-"/#)?) /'"#0 7)/6�7:�#8 0 ?"60$�
.�)�1'0("##� ;> '" (+$#"-�##� "1'0"68#)/'�
7)/6�7:�##� �)$?6�#0'� )/#)(#� .�7!)7+ 7) .�)�1-
'0("##� ;> �$ .)$+%�< ($"@*)7�< *�: ;> '" $"?)')-
(1)A.

2 �),)'� [5] 7)/6�7:�#) '��'� *�: �6�*�#-
'"*+ ;> '" $"?)')(1)A, " '"1): (+$#"-�#) 7�F)-
�*"%�<, �1� (+#+1"A'8 0 *�/%�! <! 1)#'"1'0. H(')�+
/'"''� [6] /'()�+6+ *�')7+10 *)7�6A("##� /+/-
'�*+ «;> – $"?)')(1"» '" (+$#"-+6+ (.6+( .).�-
��7#8)?) #"("#'":�##� (�7 7�< /+6 $"1��.6�##� '"
/+6 ��$"##� #" .)!+,10 ),�),6A("#)< .)(��!#�. 2
�),)'� [7] �)$�),6�#" *�')7+1" "#"6�$0 /'�91)/'�
/+/'�*+ «;> – $"?)')(1"» '" ),-+/6�##� *�#�*"-
68#)?) $0/+66� $"1��.6�##�, #�),!�7#)?) 76�
*�!"#�-#)< ),�),1+, " '"1): 7)/6�7:�#) (.6+(

.)/6�7)(#)/'� $"1��.6�##� $"?)')(1+. J. Asante
"#"6�'+-#) ),-+/6+( � 7)/6�7+( (.6+( ��:+*�(
��$"##� '" .)7"'6+()/'� ;> #" /'�91�/'8 $"?)')(1+
[8]. 2 �),)'� [9] .��7/'"(6�#) /.�)C�#0 "#"6�'+-
-#0 *)7�68 1)#'"1'#)< ($"@*)7�< *�: $"'+/1#+*+
�6�*�#'"*+ ;> � $"?)')(1)A, " �)$�),6�#" /1�#-
-�##)�6�*�#'#" *)7�68 7)$()6�@ )%�#+'+ 1)#'"-
1'#0 7�F)�*"%�A 0 *�/%�! 1)#'"1'0 *�: $"'+/1#+-
*+ �6�*�#'"*+ '" $"?)')(1)A. Y. Zheng /'()�+(
/1�#-�##)�6�*�#'#0 *)7�68 (+$#"-�##� /'�91)/'�
.)6):�##� $"?)')(1+ 0 ;>, " '"1): �)$�),+(
*�')7+10 ).'+*�$"%�< .).���7#8)?) #"("#'":�##�
[10]. 2 �),)'� [11] "(')�"*+ /'()��#" *"'�*"'+--
#" *)7�68 ($"@*)7�< ;> �$ $"?)')(1)A '" "#"6�$0
7�'��*�#)("#)("#)?) .)$+%�)#0("##� ;>. H(')�+
Y. Rong � Y. Bai *"A'8 ��7 7)/6�7:�#8 0 ?"60$�
')-#)/'� ),�),1+ '" "#"6�$0 /'�91)/'� .)6):�##�
;>, C) I�0#'0A'8/� #" �)$?6�7� .6)/1)< $"7"-� '"
((�7�##� «7�A-)?) F"1')�0», C) (�"!)(0@ /+6+
'��'� [12]. 2 �),)'� [13] �)$�),6�#" *�')7+1"
(+$#"-�##� *�/%8 � /+6 $"1��.6�##� 76� $",�$.�-
-�##� /'�91)?) .)6):�##� $"?)')(1+ 0 ;> �$ ?(+#-
')(+* *�!"#�$*)*. >�"%� [14] .�+/(�-�#" �)$�)-
,%� *�')7+1+ 1)#'�)6A /+6+ $"1��.6�##� $ 0�"!0-
("##�* 1)#'"1'#)< ($"@*)7�< *�: $"?)')(1)A '"
$"'+/1#+*+ �6�*�#'"*+ $" 7).)*)?)A *�')7�(
#�6�#�9#)?) .�)?�"*0("##�. 2 �),)'� [15] 7)/6�-
7:�#) .�),6�*0 '+*-"/)()/'� /'�91)/'� .)6):�#-
#� ;> �$ 0�"!0("##�* ),*�:�##� /+6+ '" #".��-
*10 << 7�< 0 /+/'�*� «;> – $"?)')(1"». H. Deng #"
(�7*�#0 (�7 1("$�/'"'+-#)?) .�7!)70 .).���7#+1�(
�)$?6�#0( (.6+( (+7"6�##� ),�),6A("#)?) *"-
'���"60 #" 7+#"*�-#+9 /'"# /+/'�*+ «;> – $"?)-
')(1"» [16].

2%�-'�%+�' H'+J'��M. ;�"!)(0A-+, C) �/-
#0A-" �#F)�*"%�� C)7) (+$#"-�##� *�/%8 1)#'"-
1'0 F0#1%�)#"68#+! �6�*�#'�( (JK)  ;>,  7) �1+!
#"6�:"'8 0/'"#)(6A("68#� '" $"'+/1#� �6�*�#'+,
#)/+'8 ��1)*�#7"%�9#+9 !"�"1'�� � #� I�0#'0@'8-
/� #" "#"6�'+-#+! 7)/6�7:�##�!, " '"1): #" .�7/-
'"(� ')?), C) �/#0A-� *�')7+1+ �)$�"!0#10 /+6
$"1��.6�##� #� (�"!)(0A'8 0*)(0 /'�91)/'� $"?)-
')(1+ � 7"A'8 #�),I�0#')("#) $"(+C�#� $#"-�##�,
*�')A 7"#)< �),)'+ @ $",�$.�-�##� /'�91)?) ��(-
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#)("2#)3) .)4)2�##� $"3)')(1+ 0 56 .�7 7�89
/14"7)(+! /+4 ��$"##� '" $"1��.4�##�.

:4� 7)/�3#�##� .)/'"(4�#); *�'+ /<)�*0-
4=)("#� $"7"-� #"01)()3) 7)/4�72�##�:

– /'()��##� *"'�*"'+-#); *)7�4� /'�>1)/'�
��(#)("2#)3) .)4)2�##� $"3)')(1+ 0 56;

– (+$#"-�##� $ 0*)( /'�>1)/'� *�/%= 1)#'"1-
'0 ?@ �$ $"3)')(1)9, *�#�*"4=#) #�),!�7#); /+4+
$"1��.4�##�, /14"7)(+! /+4 ��$"##� '" *�/%= .�+-
14"7"##� %+! /+4;

– /'()��##� *�')7+1+ /'"'+-#)3) �)$�"!0-
#10 /+/'�*+ «56 – $"3)')(1"».

.,-%/��' /%�)�/0,�$. A/'"#)(4�##� 1)�-
.0/#+! 7�'"4�> 0 56 $7�>/#98'=/� $" '�=)*"

)/#)(#+*+ /!�*"*+ ,"$0("##� ($" '�=)*" .4)-
B+#"*+, $" 7()*" .4)B+#"*+ '" )'()�)*, $"
.4)B+#)9 '" 7()*" )'()�"*+), �1� /14"7"9'=
76% (�7 0/�! /!�* ,"$0("##� 7�'"4�> %=)3) 14"/0.
C"�"1'��#)9 )/),4+(�/'9 %+! /!�* 8 '�, B) )7#"
$ .4)/1+! .)(��!)#= (+1)�+/')(08'=/� �1 0/'"#)-
(49("4=#" ,"$", $",�$.�-09-+ /'�>1�/'=, $�0--
#�/'= ,"$0("##� '" 0/0#�##� (�,�"%�>.

D)$34�7"8'=/� /!�*" $"1��.4�##� $"3)')(1+
$" '�=)*" .4)B+#"*+, .)$,"(4�#); E�/'+ /'0.�-
#�( (�4=#)/'�.  �!"#�-#" /+/'�*" «56 – $"3)')(-
1"» *"8 ?@ 1–6 � $)��8#')("#" 0 .�)/')�� 0 34),"-
4=#�> /+/'�*� 1))�7+#"' X, Y, Z $ %�#'�)* O (�+-
/0#)1 1).

D+/0#)1 1 – D)$�"!0#1)(" /!�*" .�+ 7)/4�72�##� /+/'�*+ «56 – $"3)')(1"»

F)(#�E#�*+ "1'+(#+*+ /+4"*+ 8 /+4+ ��-
$"##� Fx,Fy,Fz, $"1��.4�##� Q � ("3" G $"3)')(1+,
.�+14"7�#� (�7.)(�7#) ')-1"! �(X, Y, H1), B(L/2,
B/2, H), C(XC, YC, ZC). G��09-+/= .�+#%+.)* $(�-
4=#�##� (�7 (’�$�>, 7�� ?@ #" $"3)')(10 $"*�#9-
8'=/� ��"1%��*+ R1, … 6, B) 8 �4�*�#'"*+ E01"#)-

3) (�1')�" {R}. A*)(+ ��(#)("3+ $"3)')(1+ 0 56
74� .�)/')�)(); /+/'�*+ /+4 � *)*�#'�( 74�
$*�##+! ."�"*�'��( 0 *�2"! 0 H Y H B, X < L/2,
H1 < H 0 *"'�+-#�> <)�*� $".+/0 *"8 (+34�7:

,GQFRA (1)
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0� [A] – '�$)(!" /&�1�!�2�$�% %,3(%.; {F},
{Q}, {G} – %�/$&)(--$&%,!� -(3 )� ���",  �/)�,3��-

�" � $"5���":

;

.;;;;;

0

0

0

;

0

2/

2/

0

0

;

2/000

2/00

02/2/2/

000111

011000

100000

11 YFXFXFHFYFHFFFFF

GX

GY

G
G

QL

QB

Q
Q

BaLa

HaLaa

HHBaaB
A

xyzxzyzyx
T

C

C (2)

6�%�&%�5�� ,&3&5���"  �7&$&%/( '�2 '�-!�
,)( %(/&����� .'&%( det[A] 8 0, 9&  �*� ,�+.2$:-
-" ��)�%��-$; a < min{B; L}/2. <�/&5 %( ��+���  
)�%�"��" (1) -,&-&*&' &*�)���&= '�$)(!� /&',&-
���$( %�/$&)� {R} = [A]

 –1
({F} + {Q} + {G}) '�;$:

 �*� ,�+.%�$( .'&%. ��%��$�5��&-$� &,&): Ri > 0.
>�?'��@�  ��+���" )��/!�= AB 1 (2) %�0,&%�0�2
,&3&5���; Y = 0 (Y = B). C)( !:&'. .'&%� ��%�-
�$�5��&-$� 0& %&3"2 %( ��+($( ��&*��0�. -(3.
 �/)�,3���"  �7&$&%/(: Qmin = Fz(B + 2a)/(B – 2a).
>�?'��@�  ��+���" )��/!�= AB 3 %�0,&%�0�2 .'&-
%� %�0-.$�&-$� -(3(  �/)�,3���" (Y = 0). D3" !:&7&
%(,�0/. ��&*��0�(' 2  �*� ,�+���" .'&%(
H > H1/2. E'&%� ��%��$�5��&-$� AB 4, 6  �%50(
%(/&�.;$:-".  D3" AB 5  !" .'&%� . %(,�0/. B/2
&*'�5.2 /&&)0(��$. ,)(/3�0���" -(3 )� ���":
X < a. C)( !:&'. ��?'��@�  ��+���" )��/!�= AB,
9& %�0,&%�0�2 7)��(+�&'. %(,�0/. Y = B, ��/3�-
0�2 &*'�5���" �� -/3�0&%� -(3( )� ���":
Fx < 2Fy(X – a)/B.

������ ! " $%&�'$(�)�. E )� .3:$�$�
)& %’" /�% )�%�"��" (1) � 0&-3�05���" ���3�$(+�(�
%()� �% /&',&���$�% %�/$&)� {R}   .'&%( -$�?/&-$�
-(-$�'( «FC –  �7&$&%/�» &$)('��� ��)�%�&-$� $�
&*'�5���" 03" 7�&'�$)(+�(� )& '�)�% � /&',&-
���$ -(3 )� ���" $�  �/)�,3���" – ��&*��0�� $�

0&-$�$�� .'&%(  �*� ,�+���" -$�?/&-$�  �7&$&%/(:

.2/2;/2

;2/;
2

;2/;min 1

aBaBFQBaXFF

HH
L

XaLBa

zyx

(3)

*"&)%+,". E )&*&$� )& 73"�.$& %-$��&%-
3���" /&),.-�(� 0�$�3�? . FC  � $):&'� ,3&9(-
��'(, )��3� .;+( .-$��&%3;%�3:�., ��,)"'�. $�
&,&)�. *� (. G .'&%  �*� ,�+���" -$�?/&7& )�%�&-
%�5�&7& ,&3&5���" &$)('��� ���3�$(+�� %()� (
03" %( ��+���" '�-!: /&�$�/$.  �7&$&%/(   AB
FC. H  .'&% -$�?/&-$� $�  �%��$�5��&-$� AB %( ��-
+��& '���'�3:�& ��&*��0�. -(3.  �/)�,3���", �
$�/&5 &$)('��& %()�  03" /)($(+�(�  ��+��:
-/3�0&%(� -(3 )� ���" $� '�-!: ,)(/3�0���" !(�
-(3.

C&0�3:@� 0&-3�05���" -,)"'&%��� �� )& -
)&*3���" .��%�)-�3:�&= '�$&0(/( )& )��.�/.
-��' *� .%���"  �7&$&%/( . FC �  )� �('( -��'�-
'( *� .%���"   .)��.%���"' 0(��'�+�(� -/3�0&-
%(� -(3 )� ���". F)��&%.;+( %�3(/. $).0&'�-$-
/�-$: %(/&�.%��(� )& )��.�/�% �/$.�3:�(' 2 )& -
)&*3���" �%$&'�$( &%��&7& ,)&7)�'�&7& /&'-
,3�/-., "/(? 0& %&3($: -/&)&$($( %($)�$( +�-.
,)( ,)&�/$.%���� $� ��5���)�&'. ���3� � FC.
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PavlenkoV., IvanovV. O.Ensuring of the workpiece stability conditions in the fixturewith locat-
ing scheme on three planes

Fixtures are designed for accuracy and fixing of workpieces in machine tools. They are an integral part
of the closed technological system “machine – fixture –tool – workpiece”. Fixtures affect significantly to the
production and ensure the required accuracy and quality of machined surfaces, sufficient rigidity of the tech-
nological system and flexibility of the production process and prime cost of the final product. The problem of
fixture designing is an actual and related to important scientific and practical problems to ensure stable posi-
tion of the workpiece during surfaces forming.

Nowadays there are different approaches to the design and research of the fixtures for machining op-
erations developed. To determine the current state of research in designing the fixtures and actuality of the
basic approaches research of cooperation between the fixture and the workpiece have been investigated.

The existing information as to identifying the position of the functional elements including contacts has
advisable recommendation and is not based on the analytical research. The purpose of this article is ensur-
ing of the equilibrium state of the workpiece in the fixture under the action of the clamping and cutting forces
components.

The main problems of scientific research are formulated to get the aim: the mathematical model crea-
tion for determination the stable equilibrium state of the workpiece in fixture; pointing of the relations between
functional elements and workpiece, minimal clamping force, fixing and cutting forces components among
stability conditions; theprocedurecreation of static calculation of the system “fixture – workpiece”.

In this paper conditions for ensuring of the workpiece stable equilibrium position in the fixture on three
planes was considered. Analytical expressions that determine contact areas between the workpiece and
functional elements were obtained from conditions of ensuring the equilibrium position of the workpiece. The
minimum clamping force is defined from conditions of stability and loading of the elements. The expression
for critical values of cutting force components was received.

Keywords: workpiece, fixture, equilibrium, stability, cutting force, clamping force.
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