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©  Igniting  device  for  engine. 
©  An  igniting  device  for  an  engine  has  a  glow  plug  disposed 
in  a  combustion  chamber  which  is  constructed  of  a  thermally  F  I  g. 
insulating  material.  When  the  temperature  of  a  wall  of  the 
combustion  chamber  is  lower  than  a  predetermined  tempera- 
ture,  the  glow  plug  is  supplied  with  electric  power  at  a  timing 
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Description 

IGNITING  DEVICE  FOR  ENGINE 

BACKGROUND  OF  THE  INVENTION 

The  present  invention  relates  to  an  igniting  device 
for  a  diesei  engine  having  a  thermal  insulation 
structure  made  of  a  thermally  insulating  material 
such  as  ceramic  or  the  like. 

There  have  been  developed  in  recent  years 
thermally  insulated  engines  including  various  parts 
exposed  to  combustion  gases,  such  as  a  wall 
surface  of  a  cylinder  head  which  defines  a  combus- 
tion  chamber,  a  piston  head,  intake  and  exhaust 
valves,  and  exhaust  ports,  and  made  of  a  thermally 
insulating  material  such  as  ceramic  for  higher 
thermal  efficiency. 

A  typical  ceramic  material  used  in  such  a  thermally 
insulated  engine  is  silicon  nitride  or  the  like,  and  can 
withstand  a  high  temperature  of  over  one  thousand 
degrees  Celsius.  The  thermally  insulated  engine  can 
operate  even  when  the  temperature  of  the  wail  of  the 
combustion  chamber  reaches  about  800°  C. 

It  is  important  that  fuel  to  be  used  in  diesei 
engines  be  well  ignitable,  and  the  ignitability  of  diesei 
fuel  is  indicated  by  a  cetane  number. 

A  cetane  number  is  represented  by  the  ratio  by 
volume  of  more  ignitable  cetane  (C16H34)  to  less 
ignitable  a-methylnaphthalene  (C11H10).  In  Japan, 
the  cetane  number  of  light  oil  is  about  55,  and  light 
oil  having  a  cetane  number  of  about  55  is  used  as 
fuel  for  ordinary  diesei  engines. 

In  a  thermally  insulated  engine,  the  temperature  of 
the  wall  of  a  combustion  chamber  is  high.  Since 
intake  air  introduced  into  the  combustion  chamber 
takes  the  heat  of  the  combustion  chamber  wall,  the 
temperature  of  the  intake  air  as  it  is  compressed  in 
the  combustion  chamber  is  increased.  If  fuel  having 
a  cetane  number  of  about  55,  used  for  normal  diesei 
engines,  is  used  in  such  a  thermally  insulated 
engine,  the  fuel  may  be  self-ignited  resulting  in 
so-called  diesei  knocking. 

Fig.  3  is  a  graph  showing  the  relationship  between 
the  crank  angle  and  the  temperature  of  a  cylinder 
wall  while  a  diesei  engine  is  in  operation.  The  graph 
has  a  horizontal  axis  representing  the  crank  angle 
and  a  vertical  axis  indicating  the  cylinder  wall 
temperature. 

A  solid-line  curve  in  Fig.  3  shows  the  relationship 
between  the  crank  angle  and  the  cylinder  wall 
temperature  when  fuel  having  a  low  cetane  number 
is  used  in  an  ordinary  diesei  engine.  The  fuel  is  not 
combusted  well  because  the  ignitability  of  the  fuel  is 
poor. 

In  a  thermally  insulated  engine,  as  indicated  by  the 
dotted-line  curve  in  Fig.  3,  air  introduced  into  the 
cylinder  takes  heat  from  the  high-temperature  wall  of 
the  combustion  chamber,  and  hence  the  tempera- 
ture  of  the  air  as  it  starts  being  compressed  is  high, 
so  that  the  temperature  of  the  air  at  the  end  of  the 
compression  stroke  is  higher  than  that  in  the 
ordinary  diesei  engine.  Therefore,  the  thermally 

insulated  engine  allows  fuel,  even  if  it  is  of  a  low 
cetane  number,  to  be  ignited. 

5  When  the  thermally  insulated  engine  is  under  a 
high  load  with  the  temperature  of  the  combustion 
chamber  wall  reaching  600°  C,  intake  air  is  heated  to 
such  a  temperature  that  can  ignite  fuel  having  a  low 
cetane  number.  However,  when  the  temperature  of 

10  the  combustion  chamber  wall  is  low  at  the  time  of 
starting  the  thermally  insulated  engine  or  operating 
the  engine  under  a  low  load,  the  temperature  of 
intake  air  cannot  be  increased  to  a  point  capable  of 
igniting  fuel.  Thus,  fuel  of  a  low  cetane  number 

15  cannot  be  ignited. 
In  order  to  ignite  fuel  of  a  low  cetane  number 

under  a  low  engine  load,  a  glow  plug  used  as  a 
device  for  assisting  in  starting  a  diesei  engine  may 
be  energized  even  in  a  low  engine  load  condition  for 

20  assisting  in  igniting  the  fuel.  However,  unless 
energization  timing  and  an  energizing  current  were 
controlled,  supplied  electric  power  would  be  wasted 
and  the  durability  of  the  glow  plug  would  be  lowered 
resulting  in  early  glow  plug  breakage. 

25 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  the  present  invention  to  provide 
30  an  igniting  device  for  an  engine,  which  can  well  ignite 

fuel  of  a  low  cetane  number  even  when  the  engine  is 
under  a  low  load. 

Another  object  of  the  present  invention  is  to 
provide  an  igniting  device  for  an  engine,  which 

35  prevents  wasteful  consumption  of  electric  power 
supplied  to  a  glow  plug  which  is  disposed  as  a 
heating  means  in  a  combustion  chamber  of  the 
engine,  and  which  also  prevents  the  glow  plug  from 
being  lowered  in  durability. 

40  According  to  the  present  invention,  there  is 
provided  an  igniting  device  for  an  engine  having  a 
combustion  chamber  constructed  of  a  thermally 
insulating  material,  comprising:  a  glow  plug  dis- 
posed  in  the  combustion  chamber  and  heatable  by 

45  electric  power  supplied  thereto;  an  engine  speed 
sensor  for  detecting  the  rotational  speed  of  the 
engine;  a  top  dead  center  sensor  for  detecting  the 
top  dead  center  position  of  a  piston  of  the  engine;  a 
combustion  chamber  wall  temperature  sensor  for 

50  detecting  the  temperature  of  a  wall  of  the  combus- 
tion  chamber;  means  for  setting  a  timing  for 
energizing  said  glow  plug  based  on  signals  from  said 
engine  speed  sensor  and  said  top  dead  center 
sensor;  and  means  for  energizing  said  glow  plug  at 

55  the  timing  set  by  said  timing  setting  means  when  the 
temperature  of  the  wall  of  said  combustion  chamber 
based  on  a  signal  from  said  combustion  chamber 
wall  temperature  sensor  is  lower  than  a  pre  set 
temperature. 

60  The  above  and  other  objects,  features  and 
advantages  of  the  present  invention  will  become 
more  apparent  from  the  following  description  when 
taken  in  conjunction  with  the  accompanying  draw- 
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ings  in  which  a  preferred  embodiment  of  the  present 
invention  is  shown  by  way  of  illustrative  example. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  block  diagram  of  an  igniting  device 
for  an  engine  according  to  an  embodiment  of 
the  present  invention; 

Fig.  2  is  a  flowchart  of  an  operation  sequence 
of  the  igniting  device;  and 

Fig.  3  is  a  graph  showing  the  relationship 
between  the  crank  angle  and  the  temperature 
of  the  wall  of  a  combustion  chamber  while  the 
engine  is  in  operation. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

As  shown  in  Fig.  1  ,  a  diesei  engine  has  a  cylinder  1 
in  which  a  linearly  movable  piston  2  is  disposed. 
Linear  movement  of  the  piston  2  is  converted  into 
rotary  movement  of  a  crankshaft  4  by  means  of  a 
connecting  rod  3.  The  speed  of  rotation  of  the 
crankshaft  4,  i.e.,  the  engine  rotational  speed,  is 
detected  by  an  engine  speed  sensor  41.  The  top 
dead  center  of  the  piston  2  is  detected  by  a  top  dead 
center  sensor  42. 

An  intake  pipe  11  and  an  exhaust  pipe  12  are 
connected  to  the  cylinder  1  at  junction  regions 
where  an  intake  valve  13  and  an  exhaust  valve  14  are 
disposed  for  opening  and  closing  intake  and  exhaust 
passages  joined  to  the  cylinder  1.  A  combustion 
chamber  wall  temperature  sensor  15  is  mounted  on 
the  cylinder  1  for  producing  a  temperature  signal 
representing  the  temperature  of  the  inner  wall 
surface  of  the  cylinder  1  . 

A  fuel  injection  pump  5  supplies  fuel  from  a  fuel 
tank  into  the  cylinder  1  through  an  injection  nozzle 
51.  An  engine  load  sensor  52  serves  to  detect  the 
amount  of  fuel  supplied  to  the  cylinder  1,  which 
corresponds  to  an  engine  load,  and  sends  a 
detected  signal  to  a  controller  (described  later  on). 

A  glow  plug  6  projects  into  the  combustion 
chamber  for  assisting  in  igniting  fuel  supplied  into 
the  cylinder  1.  The  glow  plug  6  is  supplied  with 
electric  power  from  a  battery  61  through  a  power 
control  unit  62.  The  glow  plug  6  has  therein  a 
resistance  wire  having  a  positive  temperature  coeffi- 
cient,  and  is  heated  by  energizing  the  resistance 
wire. 

The  temperature  of  the  glow  plug  6  is  detected  by 
a  glow  plug  temperature  sensor  63  which  detects 
the  value  of  electric  resistance  of  the  resistance  wire 
of  the  glow  plug  6. 

The  various  portions  of  the  engine,  such  as  the 
cylinder,  the  piston,  the  intake  and  exhaust  valves 
which  jointly  constitute  the  combustion  chamber 
and  are  heated  to  high  temperature,  are  made  of 
ceramic  so  as  to  be  of  thermally  insulated  construc- 
tion. 

A  controller  7  comprises  a  microcomputer  and 
has  a  processor,  a  memory,  an  I/O  circuit,  etc.  When 
the  control  ler  7  is  supplied  with  signals  from  the 

engine  speed  sensor  41,  the  engine  load  sensor  52, 
the  combustion  chamber  wall  temperature  sensor 
15,  and  the  glow  plug  temperature  sensor  63,  the 
controller  7  issues  a  command  signal  to  the  power 

5  control  unit  62  according  to  a  control  program 
stored  in  the  memory  for  controlling  the  electric 
power  supplied  to  the  glow  plug  6. 

An  operation  sequence  of  the  igniting  device  will 
be  described  below  with  reference  to  Fig.  2. 

10  In  a  step  1  ,  the  engine  rotational  speed  is  detected 
according  to  a  signal  from  the  engine  speed  sensor 
41  ,  and  an  energization  control  circuit  in  the  power 
control  unit  62  is  turned  on  in  a  step  2. 

In  a  step  3,  the  duty  cycle  of  electric  power  to  be 
15  supplied  to  the  glow  plug  6  is  set,  dependent  on  the 

detected  engine  rotational  speed,  according  to  the 
control  program  stored  in  the  memory.  A  step  4 
detects  the  top  dead  center  position  of  the  piston  2 
based  on  a  signal  from  the  top  dead  center  sensor 

20  42,  and  checks  whether  the  stroke  of  the  piston  2  is 
a  compression  stroke,  a  power  stroke,  or  an  exhaust 
stroke.  The  timing  for  energizing  the  glow  plug  6  is 
set  in  a  step  5,  and  then  the  energization  control 
circuit  is  turned  on  within  the  range  shown  in  Fig.  3  in 

25  a  step  6. 
A  step  7  then  checks  the  temperature  Tc  of  the 

combustion  chamber  wall  based  on  a  signal  from  the 
combus  tion  chamber  wall  temperature  sensor  15.  If 
the  combustion  chamber  wall  temperature  Tc  is 

30  higher  than  a  preset  temperature  Td,  i.e.,  if  the 
combustion  chamber  wall  temperature  is  sufficiently 
high,  then  the  glow  plug  6  is  de-energized  in  a  step  8. 

If  the  combustion  chamber  wall  temperature  Tc  is 
lower  than  the  preset  temperature  Td  in  the  step  7, 

35  then  control  goes  to  a  step  9  in  which  the 
energization  timing  of  the  glow  plug  6  is  changed, 
and  then  goes  to  a  step  10. 

The  step  10  detects  the  engine  rotational  speed 
based  on  the  signal  from  the  engine  speed  sensor 

40  41  .  A  step  1  1  then  detects  the  engine  load  based  on 
a  signal  from  the  engine  load  sensor  52.  The  duty 
cycle  of  electric  power  to  be  supplied  to  the  glow 
plug  6  through  the  power  control  unit  62  is  set  in  a 
step  12.  In  a  step  13,  the  glow  plug  6  is  energized. 

45  A  step  14  then  checks  the  temperature  Tg  of  the 
glow  plug  6  based  on  a  signal  from  the  glow  plug 
temperature  sensor  63.  If  the  temperature  Tg  of  the 
glow  plug  6  is  higher  than  a  preset  temperature  Te 
(Tg  >  Te),  then  a  step  15  determines  whether  the 

50  glow  plug  temperature  Tg  has  reached  a  higher 
temperature  Te  +  AT  which  is  the  sum  of  the  preset 
temperature  Te  and  a  small  temperature  AT.  If  the 
glow  plug  temperature  TG  has  reached  the  tempera- 
ture  Te  +  AT  (TG  >  Te  +  AT),  then  the  duty  cycle  of 

55  electric  power  to  be  supplied  to  the  glow  plug  6  is 
reduced  in  a  step  16.  If  the  glow  plug  temperature  Tg 
has  not  reached  the  temperature  Te  +  AT,  then 
control  returns  to  the  step  10,  and-  those  steps 
following  the  step  10  are  repeated.  If  the  glow  plug 

60  temperature  Tg  is  lower  than  the  preset  temperature 
Te,  then  the  power  control  unit  62  is  commanded  to 
increase  the  duty  cycle  of  electric  power  to  be 
supplied  to  the  glow  plug  6. 

With  the  present  invention,  as  described  above, 
65  the  glow  plug  is  disposed  in  the  combustion 

3 
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chamber,  and  the  electric  current  to  be  supplied  to 
the  glow  plug  and  the  timing  for  energizing  the  glow 
plug  are  controlled  based  on  the  engine  rotational 
speed,  the  engine  load,  the  temperature  of  the 
combustion  chamber  wall,  and  the  temperature  of 
the  glow  plug,  for  controlling  the  ignition  of  fuel 
supplied  into  the  combustion  chamber.  Therefore, 
where  less  ignitable  fuel  having  a  cetane  number  of 
about  20  is  used  in  a  thermally  insulated  engine,  the 
fuel  can  well  be  ignited  even  if  the  engine  is  under  a 
low  load,  and  the  consumption  of  necessary  electric 
power  by  the  glow  plug  is  minimized,  with  result  that 
the  durability  of  the  glow  plug  is  prevented  from 
being  lowered. 

Although  a  certain  preferred  embodiment  has 
been  shown  and  described,  it  should  be  understood 
that  many  changes  and  modifications  may  be  made 
therein  without  departing  from  the  scope  of  the 
appended  claims. 

Claims 

1.  An  igniting  device  for  an  engine  having  a 
combustion  chamber  constructed  of  a  ther- 
mally  insulating  material,  comprising: 
a  glow  plug  disposed  in  the  combustion 
chamber  and  heatable  by  electric  power  sup- 
plied  thereto; 
an  engine  speed  sensor  for  detecting  the 
rotational  speed  of  the  engine; 
a  top  dead  center  sensor  for  detecting  the  top 
dead  center  position  of  a  piston  of  the  engine  ; 
a  combustion  chamber  wall  temperature  sensor 
for  detecting  the  temperature  of  a  wall  of  the 
combustion  chamber; 
means  for  setting  a  timing  for  energizing  said 
glow  plug  based  on  signals  from  said  engine 
speed  sensor  and  said  top  dead  center  sensor; 
and 
means  for  energizing  said  glow  plug  at  the 
timing  set  by  said  timing  setting  means  when 
the  temperature  of  the  wall  of  said  combustion 
chamber  based  on  a  signal  from  said  combus- 
tion  chamber  wall  temperature  sensor  is  lower 
than  a  preset  temperature. 

2.  An  igniting  device  according  to  claim  1, 
further  including  a  temperature  sensor  for 
detecting  the  temperature  of  said  glow  plug 
when  the  glow  plug  is  energized,  and  means  for 
increasing  electric  power  to  be  supplied  to  said 
glow  plug  when  the  temperature  of  said  glow 
plug  based  on  a  sig  nal  from  said  temperature 
sensor  is  lower  than  a  first  preset  value. 

3.  An  igniting  device  according  to  claim  1, 
further  including  a  temperature  sensor  for 
detecting  the  temperature  of  said  glow  plug 
when  the  glow  plug  is  energized,  and  means  for 
reducing  electric  power  to  be  supplied  to  said 
glow  plug  when  the  temperature  of  said  glow 
plug  based  on  a  signal  from  said  temperature 
sensor  is  higher  than  a  second  preset  value. 

4.  An  igniting  device  for  an  engine  having  a 

combustion  chamber  constructed  of  a  ther- 
mally  insulating  material,  comprising: 
a  glow  plug  disposed  in  the  combustion 
chamber  and  heatable  by  electric  power  sup- 

5  plied  thereto; 
an  engine  speed  sensor  for  detecting  the 
rotational  speed  of  the  engine; 
a  top  dead  center  sensor  for  detecting  the  top 
dead  center  position  of  a  piston  of  the  engine  ; 

10  a  combustion  chamber  wall  temperature  sensor 
for  detecting  the  temperature  of  a  wall  of  the 
combustion  chamber; 
an  engine  load  sensor  for  detecting  the  load  on 
the  engine; 

15  means  for  setting  a  timing  for  energizing  said 
glow  plug  based  on  signals  from  said  engine 
speed  sensor  and  said  top  dead  center  sensor; 
means  for  setting  electric  power  to  be  supplied 
to  said  glow  plug  based  on  signals  from  said 

20  engine  speed  sensor  and  said  engine  load 
sensor;  and 
means  for  supplying  said  glow  plug  with  electric 
power  set  by  said  electric  power  setting  means 
at  the  timing  set  by  said  timing  setting  means 

25  when  the  temperature  of  the  wall  of  said 
combustion  chamber  based  on  a  signal  from 
said  combustion  chamber  wall  temperature 
sensor  is  lower  than  a  preset  temperature. 

5.  An  igniting  device  according  to  claim  4, 
30  further  including  a  temperature  sensor  for 

detecting  the  temperature  of  said  glow  plug 
when  the  glow  plug  is  energized,  and  means  for 
increasing  electric  power  to  be  supplied  to  said 
glow  plug  when  the  temperature  of  said  glow 

35  plug  based  on  a  signal  from  said  temperature 
sensor  is  lower  than  a  first  preset  value. 

6.  An  igniting  device  according  to  claim  4, 
further  including  a  temperature  sensor  for 
detecting  the  temperature  of  said  glow  plug 

40  when  the  glow  plug  is  energized,  and  means  for 
reducing  electric  power  to  be  supplied  to  said 
glow  plug  when  the  temperature  of  said  glow 
plug  based  on  a  signal  from  said  temperature 
sensor  is  higher  than  a  second  preset  value. 
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