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ABSTRACT 

 

This paper describes a new type of 

insulat ion displacem ent  connector ( I DC) . 

The term inal is capable of term inat ing a 

wide range of wire gauges with very high 

reliabilit y and withstanding repeated 

m at ing cycles. The following subjects are 

discussed in this paper:   

• The m echanics and som e of the 

lim itat ions of convent ional I DCs. 

• Design analysis of the new type 

torsion I DC and pract ical 

advantages of the new design.  

• I DC beam  and wire interact ion with 

em phasis on st randed wire.  

• Degrading m echanism s act ing on 

an I DC and how this design 

addresses those issues.  

• Test ing 

 

I NTRODUCTI ON 

 

I DCs have becom e popular as they are 

highly econom ical and a cost  effect ive 

m ethod for perform ing wire term inat ions. 

No wire or cable preparat ion required. I n 

the case of r ibbon cable applicat ions 

m ass term inat ion of m ult iple wires is 

accom plished easily and effect ively. The 

design of early or first  generat ion I DCs 

only allowed for peak applicat ion 

perform ance over an applicat ion range 

on one or possibly two wire gauges. 

These designs m ade a good init ial 

contact  but  failed to withstand harsh 

condit ions typical in indust r ial, 

autom ot ive and appliance applicat ions. 

Much research has been done to design 

an im proved I DC, and to analyze the 

cause of I DC failure. I  studied and 

researched this I DC related work. The 

results of som e of this work were 

presented on this forum .  

 

Zier ick Manufactur ing Corporat ion had a 

request  from  a m ajor car m anufacturer 

to replace a two piece separable (6 line)  

connector on their  suspension level 

cont rol system  with a low profile (3/ 16" 

high)  inexpensive separable pr inted 

circuit  board m ounted connector, which 

has reliabilit y equivalent  to a cr im p type 

term inal. I t  is needless to say that  they 

were very surprised and very pessim ist ic 

when we recom m ended an IDC. They 

told us all their  previous bad experiences 

with PCB m ounted I DCs and it  took som e 

persuasion just  to convince them  to take 

our sam ples and run their  own tests on 

them . Their biggest  concern after test ing 

the term inal was how fast  we can tool it  

up.  

 

Som e of the design cr iter ia for the 

torsion I DC:   

• I t  m ust  be a separable connect ion. 

At  least  10 m at ing cycles. 

• Must  stand up well in a harsh 

operat ing environm ent  (shock, 

vibrat ion, high tem perature, etc.)  

just  like a good cr im p term inat ion.  

• Must  term inate several wire 

gauges (st randed and solid) .  

• Must  provide st rain relief for the 

wire. 



• Term inal m ust  lend itself for 

autom at ic PCB insert ion and wire 

term inat ion.  

• Easy and reliable wire term inat ion 

in the field with a hand tool 

providing posit ive wire feed back.  

 

To explain the pr incipal of torsion I DC 

and dem onst rate the superior ity of the 

design we analyze step by step the 

convent ional and the torsion I DC.  

 

CONVENTI ONAL 

 

The convent ional I DCs consist  of two 

fair ly r igid contact  beam s and a wire slot  

between them . The conductor slot  is 

sm aller than the conductor diam eter. 

When a wire is inserted into the I DC slot , 

the lead- in cham fer cuts and displaces 

the wire insulat ion. As the wire is pushed 

further down in the slot , there is a 

deform at ion of both the conductor and 

the I DC beam . The conductor will have 

m ost ly plast ic deform at ion while the 

contact  beam s will have elast ic 

deform at ion (deflect  outward)  as shown 

in figure 1. 

 

 
 

This deform at ion is proport ional to the ' -  

norm al (contact )  force which acts on the 

conductor and on the contact  beam  

interface. This norm al force is very 

im portant  to establish and m aintain a 

good gast ight  connect ion. Several 

degrading m echanism s work against  this 

gast ight  connect ion. The m ost  im portant  

are:  

• Creep which is the change in 

deflect ion or deform at ion over t im e 

with constant  force. I n the case of 

I DC term inat ion the wire creep is a 

significant  factor. Also referred to 

as sizing which is defined as 

reduct ion of the wire diam eter due 

to environm ental condit ions. 

• Stress relaxat ion -  which is the 

reduct ion in force over t im e with 

constant  deflect ion is largely 

depends of init ial st ress level and 

tem perature. St ress relaxat ion in 

the contact  beam s will reduce the 

norm al force. 

• Movem ent  between conductor and 

contact  which is caused m ainly by 

wire flexing, pulling, and the 

difference in therm al expansion 

coefficients of the conductor and 

the contact  m aterial. Those 

m ovem ents are specially degrading 

in the case of st randed wire 

because it  helps the wire st rands to 

rearrange in a narrower shape with 

lower energy level. Figure 2 shows 

a typical wire st rand 

rearrangem ent  of a seven st rand 

wire before and after inserted into 

a convent ional I DC.  

 

All these degrading m echanism s cause 

norm al (contact )  force reduct ion, which 

depends on the contact  spring rate. 

Figure 3 shows the spring rate of a 

convent ional I DC contact  and the force-

deform at ion curve of different  wire sizes. 

The short  st iff beam s of the convent ional 

I DC have very lit t le deflect ion. After wire 

sizing the contact  force is largely 



reduced. Also the st iff contact  beam s are 

doing a poor j ob rearranging the wire 

st rands into the narrowest  width shape.  

TORSI ON I DC 

 

Figure 4 shows a PCB m ounted, high 

force, high deflect ion, low st iffness, 

torsion I DC before and after wire 

insert ion.  

 

 

 

The two front  contact  beam s are pushed 

against  each other with a preset  force 

called preload. I t  is set  by form ing the 

top torsion beam s into a curved shape 

(crown) . Figure 5 shows a cross sect ion 

of the curved top torsion beam s. Preload 

also can be set  by slight ly curving the 

rear torsion beam s and the rear base. 

With the right  preload the m inim um  

contact  force, the range of the wire sizes, 

and even the wire st rand rearrangem ent  

can be cont rolled effect ively.  

 

When a wire is pushed down against  the 

coined V shaped insulat ion shear edges, 

the edges will cut  the wire insulat ion. I f  

 

 
 



the wire is pushed further down, the wire 

term inat ion slot  will open up. This slot  

can open up to a width larger than the 

wire diam eter without  taking perm anent  

set , so it  can receive the total full 

diam eter of the st randed wire. At  this 

stage the term inal beam s are in a 

m axim um  force -  m axim um  deflect ion 

posit ion exert ing high norm al forces on 

the wire. 

 

When the wire is m oved further 

downward in the wire conduit  slot , the 

high norm al forces com bined with the 

downward m ovem ent  of the wire will 

rearrange the wire st rands into their  

narrowest  shape, and in the case of 

st randed wire, one single line ( if the wire 

st rands are not  bundled too t ight ) . The 

front  contact  beam s will close in on the 

wire st rands and keep them  under 

contact  pressure. See figure 6. 

 

 

 
 

 

 
 

 

 

 



 

The abilit y of the torsion I DC to achieve 

this large -  force, large -  deflect ion 

character ist ic can best  be explained by a 

st ress analysis.  

 

When an 'F' force (wire)  is applied at  the 

center of the two front  contact  beam s as 

shown in figure 7, the two front  contact  

beam s are under bending load. The top 

beam s are under a com bined load of 

torsion and bending load and the rear 

beam s also under torsion and bending 

load. The deflect ion at  the wire is the 

sum  of the angular deflect ion of the 

beam s under torsion load and the beam  

deflect ion under bending load. Num erical 

analysis shows that  the deflect ion from  

torsion load is m uch larger than the 

deflect ion from  bending load.  

 

The contact  pressure can be set  by the 

opt im um  com binat ion of the preload on 

the two front  contact  beam s and by 

coining the edges of the contact  beam s 

to adjust  the contact  area.  

 

Figure 8 shows the force -  deflect ion 

diagram  of a convent ional I DC, the 

torsion I DC and the force -  deform at ion 

curves for different  wire sizes. The 

intersect ion of curves represents 

equilibr ium  points. Since the preload can 

be set  independent ly (without  changing 

the st iffness of the torsion lDC) , the force 

-  deflect ion curve can be m oved up and 

down so it  intersects the m axim um  

different  wire sizes at  the sat isfactory 

wire deform at ion range.  

 

Figure 10 shows the deflect ion of the 

loaded contact  beam s. Not ice the slight ly 

tapered wire conduit  slot  which is 

widening at  the lower part  of the 

term inal. The angle of the taper can be 

adjusted by set t ing the preload correct ly. 

As m ent ioned before, the preload is not  

uniform  along the length of the wire 

conduit  slot ;  it  is larger near the 

insulat ion shear edges. 
 

I n figure 8 the torsion I DC with 0 preload 

provides acceptable connect ion for 2 wire 

sizes only. By increasing the preload to 

the correct  levels, the I DC can term inate 

five or m ore wire sizes. One of our 

term inals can term inate a range from  18 

to 26 awg.  

 

 

 

 

 

 

  
 Figure 9 shows conductor sizing or 

change in the width of the rearranged 

wire st rands. There is only a sm all 

change in the norm al force because of 

the low st iffness character ist ics of the 

torsion I DC. Even at  zero gap there is 

enough force to m aintain a good gast ight  

contact .  

 

 

 

 

 

 



 
 

 
  



 
 

A slight ly tapered wire slot  im proves the 

connector 's reliabilit y. I f there is a wire 

st rand m ovem ent  from  vibrat ion or 

tem perature change, the st rands will 

m ove to the direct ion of least  resistance, 

which is downward, where the slot  is 

slight ly wider. The lower end of the slot  

is closed off by the PC board so the wire 

st rands cannot  leave the slot . When a 

wire is inserted into the term inal, the 

wire insert ion force is increased to the 

m axim um  while the insulat ion is cut  and 

the wire opens up the wire slot . From  

this m axim um  level, the wire insert ion 

force will rapidly decrease to a m inim um  

while the wire is pushed down in the slot . 

This gives a snap- in effect . I t  is cr it ical 

that  when the wire is inserted with a 

hand tool ( field term inat ion)  it  gives a 

good feedback. When the operator 

pushes the hand wire insert ion tool with 

an increasing force, the wire does not  

m ove unt il the force reaches the 

term inat ion force level. Then the wire 

just  snaps all the way into the slot  -  no 

half way wire insert ions. On a 

convent ional I DC term inal, the wire 

insert ion effect  is just  the opposite. I t  

takes an increasingly large force to push 

the wire all the way down in the wire slot  

because the wire gets t ighter and t ighter. 

When there is a wire m ovem ent  from  

shock, therm al cycling, or vibrat ion, the 

wire tends to m ove out  from  the slot  

because it  m oves in the direct ion of least  

resistance. This I DC is not  sensit ive to 

the relat ive m ot ion between the wire and 

the term inal.  

 

The rear slot  on the term inal body works 

well as a wire st rain relief by holding the 

wire firm ly in place. Two hooks or 

dim ples prevent  the wire from  com ing 

out  of the st rain relief slot . Also this 

st rain relief slot  with hooks sim plifies the 

wire insert ion during assem bly. The wire 

can be pushed in and seated in the st rain 

relief slot  by hand. This will keep a 

sect ion of the wire lined up with the "V" 

grove of the insert ion tool, which 

term inates the wire by insert ing it  into 

the wire slot .  

 

The term inal is designed for a large 

range of wire sizes and dozens of m at ing 

cycles. A single term inal can 

accom m odate a range from  18 to 26 

awg, while the m axim um  st ress in the 

term inal rem ains below 70%  of yield 

st ress, so no perm anent  set  and very 

lit t le st ress relaxat ion takes place.  

 

TESTI NG 

 

Actual force-displacem ent  test  proved 

the result  of the convent ional st ress 

analysis and finite elem ent  analysis.  

 

Cross sect ions of the term inat ion show 

wire deform at ion range 15%  -  40%  

depending on wire sizes. With st randed 

wire the deform at ion range 5%  -  15% . 

With seven st rand st randed wire m ost  of 

the t im e, the wire st rands get  rearranged 

into one single line, but  not  consistent ly 

because of other variables. When the 

wire is rem oved from  the slot , the 

term inal returns to its or iginal zero gap 

posit ion without  the loss of the preload 



force between the contact  beam s, which 

is sufficient  to m aintain a good contact . 

 

Contact  resistance m easurem ent  before 

and after accelerated aging and 

tem perature shock show less than 9%  

m axim um  change in contact  resistance. 

 

SUMMARY 

 

We have developed a highly reliable 

insulat ion displacem ent  term inal, which 

accepts a large range of wire sizes. I t  is 

capable of enduring m any 

m at ing/ unm at ing cycles without  term inal 

fat igue. The wire can be m ass 

term inated, or term inated in the field 

with a hand tool-which provides a good 

feed back of the wire "snap in."  A year of 

m ass product ion proved that  it  provides 

a reliable term inat ion even in the m ost  

dem anding autom ot ive applicat ion.  

 

The torsion I DC is a proprietary product  

of Zier ick Manufactur ing Corporat ion, for 

which is patent  protect ion is applied for.  
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