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Ïíåâìàòè÷åñêàÿ ïîäâåñêà ñèäåíüÿ îòíîñèòñÿ ê âàæíåéøèì ñîñòàâëÿþùèì ñèñòåìû âèáðîçàùèòû ÷åëîâåêà –
îïåðàòîðà òðàíñïîðòíîãî ñðåäñòâà. Âñÿ ýíåðãèÿ êîëåáàíèé, ïåðåäàâàåìàÿ ÷åðåç ïîäâåñêó ñèäåíüÿ îò ïîëà êà-
áèíû âîäèòåëþ, ñ ïîìîùüþ óïðóãîäåìïôèðóþùèõ ýëåìåíòîâ çàïàñàåòñÿ, ïîãëîùàåòñÿ è â äàëüíåéøåì ðàñ-
ñåèâàåòñÿ, ïåðåõîäÿ â òåïëî. Îöåíêà èíòåíñèâíîñòè òåïëîâîãî èçëó÷åíèÿ ïíåâìàòè÷åñêîé ðåññîðû è àìîð-
òèçàòîðà â ïðîöåññå ðàáîòû ìîæåò ïîçâîëèòü â äàëüíåéøåì ñîâåðøåíñòâîâàòü êîíñòðóêöèè ñóùåñòâóþùèõ 
ñèñòåì ïîäðåññîðèâàíèÿ ñèäåíèé. Â êà÷åñòâå ïðèìåðà ìîæíî óïîìÿíóòü î âîçìîæíîñòè ðåêóïåðàöèè ýíåðãèè 
êîëåáàíèé, êîòîðàÿ â øòàòíûõ ïàññèâíûõ ïîäâåñêàõ ïðè ãàøåíèè ïåðåõîäèò â òåïëî. 
Â ñòàòüå ïðåäñòàâëåíû ðåçóëüòàòû èñïûòàíèé ïíåâìàòè÷åñêîé ïîäâåñêè ñèäåíüÿ ôèðìû Sibeco íà îäíîîïîðíîì 
ñòåíäå ñ ãèäðàâëè÷åñêèì ïðèâîäîì ïðîèçâîäñòâà èíäèéñêîé êîìïàíèè BiSS. Öåëü èñïûòàíèé – èññëåäîâàíèå òåðìî-
ãðàìì ïîâåðõíîñòåé óïðóãîäåìïôèðóþùèõ ýëåìåíòîâ â ïðîöåññå èõ ðàáîòû. Îïèñàíû ýêñïåðèìåíòàëüíàÿ óñòàíîâ-
êà, âêëþ÷àþùàÿ â ñåáÿ ìåòàëëè÷åñêèå ýëåìåíòû ñîåäèíåíèÿ èñïîëíèòåëüíîãî ìåõàíèçìà ñòåíäà-ãèäðîïóëüñàòîðà 
òîëüêî ñ àìîðòèçàòîðîì è ñ ïîäâåñêîé ñèäåíüÿ â öåëîì, à òàêæå âñòðîåííûé â êîíñòðóêöèþ ñòåíäà äàò÷èê ñèëû. 
Ïîëó÷åíû ðàáî÷èå äèàãðàììû àìîðòèçàòîðà è ïíåâìàòè÷åñêîé ïîäâåñêè ñèäåíüÿ â êàæäûé ôèêñèðîâàííûé ìîìåíò 
âðåìåíè ÷åðåç îäíó ìèíóòó. Äëÿ çàìåðà çíà÷åíèé òåìïåðàòóð è ñíÿòèÿ òåðìîãðàìì ïîâåðõíîñòåé èñïîëüçîâàëñÿ 
òåïëîâèçîð ôèðìû Testo. Èññëåäîâàíèå ïðîâîäèëîñü íà ðåæèìå ãàðìîíè÷åñêîãî âîçäåéñòâèÿ. Â õîäå îáðàáîòêè 
è àíàëèçà ïîëó÷åííûõ äàííûõ âûÿâëåí õàðàêòåð íàãðåâà âíåøíåé ïîâåðõíîñòè àìîðòèçàòîðà è ïíåâìàòè÷åñêîé 
ðåññîðû, à òàêæå ôàêò äîñòèæåíèÿ òåìïåðàòóð ñòàáèëèçàöèè. Â çàêëþ÷åíèè âûäâèíóòû ïðè÷èíû íåñîîòâåòñòâèÿ 
èíòåíñèâíîñòè òåïëîâîãî èçëó÷åíèÿ ïíåâìàòè÷åñêîé ðåññîðû è àìîðòèçàòîðà ïîäâåñêè ñèäåíüÿ.
Êëþ÷åâûå ñëîâà: ñòåíä-ãèäðîïóëüñàòîð, óñòàíîâêà, òåïëîâèçîð, àìîðòèçàòîð, ïíåâìàòè÷åñêàÿ ðåññîðà, ïîä-
âåñêà ñèäåíüÿ, òåìïåðàòóðà, òåðìîãðàììà, àìïëèòóäà, ÷àñòîòà.

Air suspension of seat is one of the most important components of the system of vibration protection of the human 
operator of the vehicle. All vibrational energy transmitted through the suspension of the seat from the cab floor to the 
driver is stored, absorbed and later dissipated by means of elastic damping elements, turning into heat. An assessment 
of the intensity of thermal radiation from the air spring and the shock absorber during operation may further improve 
the design of existing seat suspension systems. As an example, we can mention the possibility of vibrational energy 
recovery, which in regular passive suspensions turns into heat when extinguished. The article presents the results 
of tests of the air suspension of the seat of the company Sibeco on a single-support test bench with a hydraulic drive 
manufactured by the Indian company BiSS. The purpose of the test is to study the thermograms of the surfaces of the 
elasticdamping elements during operation. An experimental setup, which includes the metal elements of the connec-
tion of the actuator of the hydropulsator test bench with a shock absorber and the suspension of the seat as a whole, as 
well as a force sensor built into the design of the stand, is described. The working diagrams of the shock absorber and 
air suspension of the seat at each fixed point in time of one minute are obtained. To measure the values of tempera-
ture and read surface thermograms the Testo thermal imager was used. The study was conducted on the harmonic 
mode of exposure. During processing and analyzing the obtained data, the nature of the heating of the outer surface 
of the shock absorber and the air spring, as well as the fact of reaching stabilization temperatures, were revealed. In 
conclusion, the reasons for the discrepancy between the intensity of thermal radiation of the air spring and the shock 
absorber of the seat suspension are given.
Keywords: hydropulsator test bench, installation, thermal imager, shock absorber, pneumatic gear, suspension of 
seat, temperature, thermogram, amplitude, frequency.
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 Ââåäåíèå (àêòóàëüíîñòü)
Ñèñòåìà ïîäðåññîðèâàíèÿ ñèäåíüÿ ÿâëÿåò-

ñÿ âàæíåéøåé ñîñòàâëÿþùåé ñèñòåìû âèáðî-
çàùèòû ÷åëîâåêà – îïåðàòîðà òðàíñïîðòíîãî 
ñðåäñòâà îò íåãàòèâíîãî âëèÿíèÿ êîëåáàíèé, 
âèáðàöèé è øóìà è ïðåäñòàâëÿåò ñîáîé êîì-
ïàêòíûé óçåë, âêëþ÷àþùèé, êðîìå ïðî÷åãî, 
óïðóãèé ýëåìåíò è ãàñèòåëü êîëåáàíèé, êîòî-
ðûå, â ñâîþ î÷åðåäü, èãðàþò îïðåäåëÿþùóþ 
ðîëü â îáåñïå÷åíèè âèáðîçàùèòû. Âñÿ ýíåðãèÿ 
êîëåáàíèé, ïåðåäàâàåìàÿ ÷åðåç ïîäâåñêó ñèäå-
íüÿ, ïîãëîùàåòñÿ è ðàññåèâàåòñÿ, ïåðåõîäÿ â 
òåïëî. Âàæíî îöåíèòü â ïðîöåññå ðàáîòû óïðó-
ãîäåìïôèðóþùèõ ýëåìåíòîâ èíòåíñèâíîñòü 
èõ òåïëîâîãî èçëó÷åíèÿ, òàê êàê ýòî ìîæåò 
ïîçâîëèòü â äàëüíåéøåì ñîâåðøåíñòâîâàòü 
êîíñòðóêöèè ñóùåñòâóþùèõ ñèñòåì ïîäðåñ-
ñîðèâàíèÿ. Ê ïðèìåðó, ìîæíî îáåñïå÷èòü âîç-
ìîæíîñòü ðåêóïåðàöèè ÷àñòè ýíåðãèè êîëåáà-
íèé, êîòîðàÿ â øòàòíûõ ïàññèâíûõ ïîäâåñêàõ 
ïðè ãàøåíèè ïåðåõîäèò â òåïëî [1, 2].

Öåëü èññëåäîâàíèé
Â äàííîé ðàáîòå áûëà ïîñòàâëåíà öåëü, çà-

êëþ÷àâøàÿñÿ â èññëåäîâàíèè òåðìîãðàìì ïî-
âåðõíîñòåé óïðóãîäåìïôèðóþùèõ ýëåìåíòîâ 
ïíåâìàòè÷åñêîé ïîäâåñêè ñèäåíüÿ â ïðîöåññå 
ðàáîòû.

Ìàòåðèàëû è ìåòîäû. 
Ðåçóëüòàòû è îáñóæäåíèå
Äëÿ èññëåäîâàíèé èñïîëüçîâàëñÿ îäíîîïîð-

íûé ñòåíä ñ ãèäðàâëè÷åñêèì ïðèâîäîì èíäèé-
ñêîé êîìïàíèè BiSS [3], òåïëîâèçîð ôèðìû 
Testo [4] è ñåêóíäîìåð. Äëÿ êàëèáðîâêè òåïëî-
âèçîðà èñïîëüçîâàëñÿ ðòóòíûé òåðìîìåòð, çà-
ìåðÿëàñü êîìíàòíàÿ òåìïåðàòóðà, êîòîðàÿ íà 
ìîìåíò íà÷àëà ðàáîò áûëà ðàâíà 21 Ñ.

Ïåðâûì èñïûòûâàëñÿ ãèäðàâëè÷åñêèé 
îäíîòðóáíûé àìîðòèçàòîð MAYSAN TS3034 
H6293101F 1 AMR 009-01 28 12 417945 (ðèñ. 1, 
ïîç. 2), âõîäÿùèé â øòàòíóþ êîíñòðóêöèþ 
ïíåâìàòè÷åñêîé ïîäâåñêè ñèäåíüÿ ôèðìû 
Sibeco [5].

Àìîðòèçàòîð 2 óñòàíàâëèâàëñÿ è çàêðå-
ïëÿëñÿ íà ñòåíä â âåðòèêàëüíîì ïîëîæåíèè 

(ðèñ. 1). Øòîê àìîðòèçàòîðà èçíà÷àëüíî íàõî-
äèëñÿ â ïîëîæåíèè, áëèçêîì ê ñðåäíåìó ïîëî-
æåíèþ îòíîñèòåëüíî ïîëíîãî õîäà ïîðøíÿ (ñì. 
òàáë).

Çàêîí âîçáóæäåíèÿ ñòåíäà – ãàðìîíè÷åñêèé 
ñèíóñîèäàëüíûé ñ ÷àñòîòîé 1 Ãö.

Ñîãëàñíî ÃÎÑÒ Ð 53816-2010 [6], âåëè÷èíà 
õîäà ïîðøíÿ ïðè çàïèñè ðàáî÷åé äèàãðàììû 
àìîðòèçàòîðà (ðèñ. 2) íà ñòåíäå äîëæíà áûòü 
íå ìåíåå 80 % åãî ïîëíîãî õîäà S (ñ îêðóãëå-
íèåì äî öåëûõ äåñÿòêîâ ìèëëèìåòðîâ), íî íå 
áîëåå 100 ìì. Òîãäà àìïëèòóäà ãàðìîíè÷åñêî-
ãî âîçáóæäåíèÿ ñòåíäà:

80 % 50 20
2 100 %

50 20 .

S q

q q


   


   

ìì ìì

ìì ìì

Êàæäóþ ìèíóòó ïðè ïîìîùè òåïëîâèçîðà 
ôèêñèðîâàëàñü òåðìîãðàììà ïîâåðõíîñòè öè-
ëèíäðà (ðèñ. 3, à–â).

Ðèñ. 1. Óñòàíîâêà äëÿ èñïûòàíèé àìîðòèçàòîðà: 
1 – âåðõíåå êðåïëåíèå; 2 – àìîðòèçàòîð; 3 – íèæíåå 

êðåïëåíèå; 4 – ãèäðîïóëüñàòîð; 5 – äàò÷èê ñèëû

Òàáëèöà 
Ïàðàìåòðû àìîðòèçàòîðà

 Äëèíà àìîðòèçàòîðà 
â ðàñòÿíóòîì ñîñòîÿíèè, l

ðàñò
, ì

Äëèíà àìîðòèçàòîðà 
â ñäâèíóòîì ñîñòîÿíèè, l

ñä
, ì

Ïîëíûé õîä ïîðøíÿ 
àìîðòèçàòîðà, ì

0,22 0,17 S = lðàñò – lñä   0,05
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Â èòîãå áûëî ïîëó÷åíî ãðàôè÷åñêîå ïðåä-
ñòàâëåíèå èçìåíåíèÿ òåìïåðàòóðû ïîâåðõíî-
ñòè àìîðòèçàòîðà âî âðåìåíè (ðèñ. 4).

Ðèñ. 4. Äèíàìèêà èçìåíåíèÿ òåìïåðàòóðû 
ïîâåðõíîñòè àìîðòèçàòîðà

Ñ óâåëè÷åíèåì âðåìåíè èñïûòàíèé íà ðàáî-
÷åé äèàãðàììå àìîðòèçàòîðà (ðèñ. 2) íàáëþäà-
ëîñü óìåíüøåíèå ïëîùàäè çàìêíóòîé ôèãóðû, 
îïèñûâàþùåé öèêë õîäîâ ñæàòèÿ è îòáîÿ 
óñòðîéñòâà. Â èòîãå ðàçíîñòü ïëîùàäåé ôèãóð 
ðàáî÷èõ äèàãðàìì â íà÷àëüíûé è êîíå÷íûé ìî-
ìåíòû âðåìåíè èñïûòàíèé ìîæíî îõàðàêòåðè-
çîâàòü êàê äîëþ ïîãëîùåííîé ãàñèòåëåì ýíåð-
ãèè êîëåáàíèé, ïåðåõîäÿùóþ â òåïëî. 

Çà 6 ìèíóò òåìïåðàòóðà òåïëîâûäåëåíèé 
àìîðòèçàòîðà (ðèñ. 4) íà çàäàííîì ðåæèìå 
âîçðàñòàëà è äîñòèãëà îòìåòêè 111 C. Â õîäå 
ïðîöåññà íå áûëà äîñòèãíóòà òåìïåðàòóðà ñòà-

Ðèñ. 2. Ðàáî÷àÿ äèàãðàììà àìîðòèçàòîðà

Ðèñ. 3, à. Òåðìîãðàììà àìîðòèçàòîðà â äåéñòâèè 
íà 2-é ìèíóòå èñïûòàíèé

Ðèñ. 3, á. Òåðìîãðàììà àìîðòèçàòîðà â äåéñòâèè 
íà 3-é ìèíóòå èñïûòàíèé

Ðèñ. 3, â. Òåðìîãðàììà àìîðòèçàòîðà â äåéñòâèè 
íà 4-é ìèíóòå èñïûòàíèé

áèëèçàöèè. Ïðîäîëæåíèå îïûòà áûëî ÷ðåâàòî 
ðàçðóøåíèÿìè â óïëîòíåíèÿõ ãàñèòåëÿ êî-
ëåáàíèé. Èñõîäÿ èç ïîëó÷åííûõ òåðìîãðàìì 
(ðèñ. 3, à–â), ìîæíî ñêàçàòü, ÷òî ôèêñèðóåìûå 
ìàêñèìàëüíûå òåìïåðàòóðû íàáëþäàëèñü, 
ïî áîëüøåé ÷àñòè, â âåðõíåé ÷àñòè öèëèíäðà 
àìîðòèçàòîðà. Öèêëè÷åñêèé ïðîöåññ ñæàòèÿ 
è îòáîÿ äåìïôèðóþùåãî óñòðîéñòâà íà ñòåíäå 
ñ àìïëèòóäîé 20 ìì è ÷àñòîòîé 1 Ãö ñîïðîâî-



Èññëåäîâàíèå òåïëîâîãî èçëó÷åíèÿ óïðóãîäåìïôèðóþùèõ ýëåìåíòîâ ïíåâìàòè÷åñêîé ïîäâåñêè 
ñèäåíüÿ íà ñòåíäå-ãèäðîïóëüñàòîðå

ISSN 0321-4443 Òðàêòîðû è ñåëüõîçìàøèíû, ¹ 3, 2019

Ò
Å

Î
Ð

È
ß

, 
Ê

Î
Í

Ñ
Ò

Ð
Ó

È
Ð

Î
Â

À
Í

È
Å

, 
È

Ñ
Ï

Û
Ò

À
Í

È
ß

61

æäàëñÿ äðîññåëèðîâàíèåì æèäêîñòè ÷åðåç îò-
âåðñòèÿ êëàïàíîâ, ÷òî ïðèâîäèëî ê åå íàãðåâó 
è äàëüíåéøåé ïåðåäà÷å òåïëà ÷åðåç ñòåíêè öè-
ëèíäðà. Âûñîêàÿ ñêîðîñòü ðîñòà òåìïåðàòóðû 
îáúÿñíÿåòñÿ íåäîñòàòî÷íîé ïëîùàäüþ òåïëî-
îòäà÷è è íèçêîé òåïëîåìêîñòüþ ðàáî÷åãî òåëà.

Ðèñ. 5. Îáùèé âèä óñòàíîâêè: 
1 – ïîäâåñêà ñèäåíüÿ; 2 – òåïëîâèçîð; 

3 – íèæíåå êðåïëåíèå; 4 – ãèäðîïóëüñàòîð; 
5 – äàò÷èê ñèëû; 6 – âåðõíåå êðåïëåíèå

Ðèñ. 6. Óïðóãîäåìïôèðóþùèå ýëåìåíòû 
ïîäâåñêè ñèäåíüÿ: 

1 – ïíåâìàòè÷åñêàÿ ðåññîðà; 2 – àìîðòèçàòîð

êðåïëåíèÿ êðîíøòåéíà 6 ê ñòàíèíå ñòåíäà. Â 
ðåæèìå õîäîâ ñæàòèÿ-îòáîÿ ïîäâåñêè ïî ãàð-
ìîíè÷åñêîìó çàêîíó ñ àìïëèòóäîé 20 ìì è 
÷àñòîòîé 1 Ãö [7] ñ ïîìîùüþ äàò÷èêà ñèëû 5 
ñíèìàëàñü ðàáî÷àÿ äèàãðàììà ïîäâåñêè ñèäå-
íüÿ (ðèñ. 7), à ñ ïîìîùüþ òåïëîâèçîðà 2 òåðìî-
ãðàììû íàðóæíûõ ïîâåðõíîñòåé óïðóãîäåìï-
ôèðóþùèõ ýëåìåíòîâ (ðèñ. 6, 8, à–â).

Ðèñ. 7. Ðàáî÷àÿ äèàãðàììà ïîäâåñêè ñèäåíüÿ

Çíà÷åíèÿ ìàêñèìàëüíûõ òåìïåðàòóð ïî-
âåðõíîñòåé ïíåâìàòè÷åñêîé ðåññîðû è àìîð-
òèçàòîðà îòñëåæèâàëèñü êàæäóþ ìèíóòó. Â 
öåëîì, èçìåðåíèå äëèëîñü 1 ÷àñ è 3 ìèíóòû. 
Äàëüíåéøåå íàãðóæåíèå ïîäâåñêè íå ïðèâå-
ëî ê ðîñòó òåìïåðàòóð, òàê êàê áûë äîñòèãíóò 
íåêèé óñòàíîâèâøèéñÿ ïðåäåë.

Êàê âèäíî èç ðèñóíêîâ 8, à–â, òåìïåðàòóð-
íîå ïîëå íåðàâíîìåðíî ðàñïðåäåëÿëîñü ïî ïî-
âåðõíîñòè ðåçèíîêîðäíîé îáîëî÷êè ðåññîðû 1: 
â âåðõíåé ÷àñòè, â ìåñòå âçàèìîäåéñòâèÿ ñ ïëà-
ñòèêîâûì ïîðøíåì, âèäåí òåìïåðàòóðíûé ïîÿñ, 
ñâÿçàííûé, â òîì ÷èñëå, ñ èçãèáíûìè äåôîð-
ìàöèÿìè óïðóãîãî ýëåìåíòà è, êàê ñëåäñòâèå, 
òðåíèåì ìåæäó ñëîÿìè è òêàíÿìè êîðäà. Íà 
àìîðòèçàòîðå 2 (ðèñ. 8, à–â) ìàêñèìàëüíàÿ òåì-
ïåðàòóðà íàáëþäàëàñü îêîëî ìåñòà êðåïëåíèÿ 
ê íèæíåé ðàìå (îñíîâàíèþ) ïîäâåñêè ñèäåíüÿ. 
Ýòî ñâÿçàíî ñ êèíåìàòèêîé è ðàñïîëîæåíèåì ãà-
ñèòåëÿ â ñòðóêòóðå íàïðàâëÿþùåãî ìåõàíèçìà 
ñèäåíüÿ, à òàêæå ïîñòîÿííî ìåíÿþùèìñÿ â äè-
íàìèêå ïðèâåäåííûì äåìïôèðîâàíèåì. Ðàáî÷àÿ 
æèäêîñòü àìîðòèçàòîðà 2 ñæèìàåò è ðàçæèìàåò 
÷åðåç ïëàâàþùèé ïîðøåíü ãàçîâóþ ïîäóøêó, 
êîòîðàÿ, â ñâîþ î÷åðåäü, èíòåíñèâíî íàãðåâàåò-
ñÿ è âûäåëÿåò ÷åðåç ñòåíêó öèëèíäðà òåïëî. Íà 
ðàáî÷åé äèàãðàììå ïîäâåñêè ñèäåíüÿ (ðèñ. 7) 

Íà ñëåäóþùåì ýòàïå áûëà ñîáðàíà óñòà-
íîâêà (ðèñ. 5), âêëþ÷àþùàÿ â ñåáÿ ïîäâåñêó 
ñèäåíüÿ 1 íîæíè÷íîãî òèïà ñ àìîðòèçàòîðîì, 
íèæíþþ ïëèòó, ñîåäèíÿþùóþ îñíîâàíèå ñè-
äåíüÿ ñî øòîêîì ãèäðîïóëüñàòîðà 4, è âåðõ-
íþþ ïëèòó ñ öåíòðàëüíîé îñüþ ñ ðåçüáîé äëÿ 
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íàãðåâà ïîâåðõíîñòåé óïðóãîäåìïôèðóþùèõ 
ýëåìåíòîâ ïîäâåñêè ñèäåíüÿ (ðèñ. 9) çà âåñü 
ïåðèîä èñïûòàíèé.

Âûâîäû
Àíàëèç ïîëó÷åííûõ ãðàôè÷åñêèõ äàííûõ 

ïîêàçàë, ÷òî íà äàííîì ðåæèìå êèíåìàòè÷å-
ñêîãî íàãðóæåíèÿ èíòåíñèâíåé âñåãî íàãðåâàë-
ñÿ àìîðòèçàòîð. Ïðè÷åì çà ïîëíîå âðåìÿ èñïû-
òàíèé òåìïåðàòóðà àìîðòèçàòîðà âîçðîñëà äî 
45 C, à ðåññîðû – äî 29 C. Ðåññîðà äîñòèãëà 
ñîîòâåòñòâóþùåé òåìïåðàòóðû ñòàáèëèçàöèè 
çà 10 ìèí, à àìîðòèçàòîð – çà 55 ìèí. Îáúÿñíÿ-
åòñÿ ýòî, ïðåæäå âñåãî, ðàçëè÷íîé ñïåöèôèêîé 
ðàáîòû, íàçíà÷åíèåì, ìàòåðèàëîì, âíóòðåí-
íèì íàïîëíåíèåì, ïåðåäàòî÷íûì ÷èñëîì óïðó-
ãîäåìïôèðóþùèõ ýëåìåíòîâ.
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