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DEPARTMENT OF THE NAVY 
NAVAL AIR DEVELOPMENT CENTER 

JOHNSVILLE 
WARMINSTER , PA, 18974 

Aero-Electronic Technology Oepartme~t 

REPORT NO. NAOC-AE-6920 18 September 1969 

DEVELOPMI;NT OF MANUALLY 
OPERATED CRl~IPING TOOL FOR 

SIZE 8 THROUGII 4/0 TERMINALS 

FINAL REPORT 
Al"TASK NO. A34S34/202/69F32-S 33-402 

Work Unit No. 3 

The unually operated crimping tool will install all MIL-T-
7928E copper terminals size 8 through 4/0, and ~II L-T- 7099 
aluminUll terminals she 8 through 2, using the applicable 
, 1523002, ~1590485, or ~IS2S442 crimping dies. Also, it wi 11 
install size 8, 4, and 1/0 contacts, using NAVAJRDEVCEN pro­
posed crimping dies. The tool was designed to be fahricated 
with i tcllS pt imarily obtainable from the mil it, ry supply 
system. The recommend"d ratchet wrench iricorporates a safety 
feature that prevents the application of excessive forces 
which might result in injury to operating personnel or da~ge 
to the tool. 

Reported by: 

Approved by: c1}t {~ ifi--
. b, Superintendent 

Electrical Division 

u. W. Mackieman 
Technical Director 

Each transmittal of this document outside the agenaies of 
the U.S. Government must have prior approval of COM!IAVAIR­
DEVCEN or COMNAVAIRSYSCOM. 
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S U tl'1 M A R Y 

INTRODUCTION 

AIRTASK No. A34S34/202/69F32-S33-402, Work Unit No. 3, reference (a), 
requested NAVAIROEVCEN to develop a manually operated tool capable of 
accommodating MS90485. reference (b), ~1S23002, reference (c), MS25442, 
reference (d), dies. The tool, with the applicable dies installed, will 
attach MS20659, reference (e), MS20536, reference (f), copper terminals 
an<l MS25435, reference (g), aluminum terminals to their respective wires. 
TI1e need of the manually operated tool is based on the the reluctance of 
the fleet to procure the high cost MS25441-l tool, reference (h), and 
associated electric-hydraulic pump for operational and intermediate 
maintenance u. e. Thus, it became imperative that a cheaper and simpler 
tool be made evailrble at all levels of maintenance. 

SU~ lARY OF RESULTS 

The proposed tool accommodated the crimping dies associ ated with the 
.JS25441-l hydraulic installing head, and satisfactorily installed sh.es 
8 through 4/0 insulated and uninsulated mL-T-7928E, reference (i), copper 
terminals and splices, plus sizes 8 through 2 mL-T-709911, reference (j), 
aluminum ter;~inals and splices. A completed crimp on any of the afore­
mentioned terminals required a maximum of 3.5 turns of the screw with a 
maximum torque of 200 ft-lb applied to the square shank of the screw. 
TI1c handle incorporated a safety device, in the form of a ratchet mecha­
nism, which released when the force applied to the end of the handle 
exceeded 100 lb. The safety device was in~fnded to protect the op~rator 
and prevent damage to the tool and dies in the advent an excessive force 
was exerted on the handle during the crimping operation. l!hen the tool 
is in use, the top section of the cap yoke and approximately 1/2 in. of 
the arms of the swi ve 1 yoke are held in a vise. with the squ:...re shank of 
the screw assembly up. 

CO CLUSIO S 

1. The proposed tool will satisfactorily install sizes 8 through 4/0 
~1520659 and ~1S25036 copper terminals, and sizes 8 through 2 MS25435 
aluminum terminals, using ~1S90485, .1S23002, and 11S25442 dies, respectively. 
In addition, the tool will install size 8, 4, and 1/0 contacts covered by 
.HL-C-23216A, I"" ference (k), using dies recently developed by NAVAIROEV-
CEN under a separate project. ~IS numhcrs have not yet been assigned to 
these dies. 

2. The t ool will satisfactorily serve the fleet for operational and 
intermediate maintenance use, as size 1 and larger al minum wires arc 
infrequently used in aircraft. 

3. The proposed tool, when mass produced, wi 11 cost approximately one­
quarter the cost of the ~1S25441-1 tool using the '1S25441-4 electric­
hydraulic pump. 
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4. Tht tool, including its ratchet wrench , could be packaged in a metal 

boK approximately 34 by 9 by 4 i n. high, with room to store some crimping 

die sets. Since the weight of the tool and wrench is a maximum of 20 lb, 

the nUllber of die sets stored in the box ~ould be dependent on the method 

used to seat them in the box and the naximua weight permitted for the box 

and its contents. The following weights are provided for informat i on : 

Oie Set - Approx Weight 

Government Type (lb) Per No. of Uic Approx Total 

Uesianation Teninal Uie Set Sets Required Weight (lb) 

~I.S9048S C..i uninsulated o.s 9 4.5 

MS23002 CU insulated o.s 9 4.5 

~152S442 Al1.111im111 1.4 5 7.0 

Contacts o.s 3 1.5 

RE<ntfENDATI (J,jS 

1. It is recoaended that either the manually operated tool developed by 

.lAVAIRDEVCEN or an MS25441-l tool actuated by an MS25441-5 foot operated 

hydrau1ic pump be adapted for fleet operational and intermediate main­

tenance use . Reference (a) indicated that the fleet objection to the 

MS2544l-l tool actuated by the MS25441-4 electro-hydraulic pump was its 

high CctSt r approximately ~2 ,000 .00. A cost comparison of the manually 

operated and foot pllllp actuated tools is provided in table I, and shows 

that the two units would have approximately the same rrice when the man­

ually operated tool is mass produced. To complete the comparison, how­

ever, it should be noted that the foot PUIIJ'I actuated tool has a greater 

capability, having the ability to crimp all the terminal sizes and types 

accOIIIIOdated by the manually oper ·ted tool plus sizes 1 through 4/0 

aluainum, and can do so without the head being secured in a vise. 

2. The · Saginaw Steering Gear Uivision of General Motors wi 11 probably 

usian a new part m.1111bcr to the 110dified ball bearing screw assembly. It 

is recCHBended that figures 1 and 2 be revised to show this new part num­

ber when it beco•s available. 

3. If NAVAIRSYSCC,I is going to procure a number of the manually operated 

crimping tools, it is reco111111ended that the following companies be invited 

to participate in the procurement progr&11: 

Thomas and Betts COlllpa y, 36 Butler StrP-et, Elizabeth, New Jersey 07207 

Daniels Manufacturing Company, 2677 Orchard Lake Road, Pontiact 

Michiaan 48053 

Buchanan Electrical Products Corporation, 1065 Floral Avenuet Union, 

New Jersey 07083 

Sargeant and C011pany, New Haven, Connecticut 06509 

- iv -
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D I S C U S S I O N 

BACKGROUNU 

The current MS2S441 electric-hydraulic tool assembly consists of an 
electric-hydraulic pump unit (MS2S441-4), an installing head (MS2S441-1), 
a control handle (MS25441-2), and a hydraulic hose assembly (MS2S441-3). 
The installing head accommodates MS9048S, MS23002, and MS2S442 crimping 
dies for installing Specification No. MIL-T-7928E insulated and uninsu­
lated copper terminals and Specification No. MIL-T-7099D aluminum termi ­
nals to their respective wires. 

Reference (a) noted that the tool asseri>!y and associated crimp ing 
dies cost approximately $2000. Because of this high cost, the fleet 
was reluctant to procure these i terns for operational and intermediate 
maintenance. However, to ensure that satisfactory electrical crimp 
terminations were maintained in aircraft electrical systems, it was con­
sidereJ imperative to develop a cheaper and simpler tool that could 
utilize the above-mentioned crimping dies for installing the proper size 
terminal to the applicable size wire at all levels of maintenance. 

To implement this intent NAVAIRDEVCEN was requested to develop a 
manuallv operated tool that could acco1M10date the 1S23002, MS25442, and 
M.59048S .. ies and produce a satisfactory termination on MIL-T-7928E and 
MIL-T-70991) terminals. In addition, the tool should be capable of pro­
ducing a satisfactory crimp on size 8, 4, and 1/0 contacts used in 
connectors. 

DESCRIPTION OF EQUIP~IENT 

Basically, the proposed manually operated crimping tool consists of 
the swivel yoke head and ca yoke of an MS25441-l hydraulic installing 
head, a ball bearing screw ssembly, a few machined parts, a plastic pro­
tective boot which fits over the otherwise exposed screw assembly, a 3/4 
to 5/8 in. socket square adapter, and a ratchet handle with a safety 
device that releases when a force exceeding 200 ft-lb is applied to the 
handle. 

Figure 1 (NAVAIRDEVCEN Drawing D-SK-00S72) shows the tool assembly 
ad references figure 2 (NAVAIROEVCEN Drawing 8-SK-002573) which delin­
eates the adapter used to mount the ball bearing screw assembly to the 
yoke head. 

t-lany of the parts comprising the proposed crimping tool assembly are 
comme1 ·'. i ally available, and are listed below for guidance. Note that 
orders for the Saginaw P/N 1000-0250-C2-SRT(RII) bal 1 bearing screw 
assembly should include the modifications described in the following 
list, and that the received screw asseri>ly must then be machined at both 
ends as shown on figure 1. 

- 1 -
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MATERIAL LIST AND SOURCE 

Quantity Mfr Name and &.,...prox Govt 
Item Required Address ~1fr P/N • Cost !dent 

Ball B~aring 1 Saginaw Steering 1000-0250- $105.00 -
Screw Uiv of General C2-SRT(RH)* 
Asse~ly Motors, Saginaw, 

Michigan 

Torque 1 Pendleton Tool PROTO $106.00 -
l~rench Industries, 6018 

Contract Div, 
5211 Paramount 
Blvd, Pico Rivera 
Calif 90660 

Sptjci f i cations: SO to 300 ft-lb, 3/4 in. square drive size, 
ratchet head, length 33-1/8 in., weight 7.56 lb 

Socket Square 1 Snap-On Tools Hl-620 ~4.00 
3/4 to 5/8 in. Corp, 8049 28th 

Ave, Kenosha, 
Wisconsin 5314 

Cap-Yoke 1 Thomas & ~etts Co 13642, 1-2 S42.00 Part of 
(12-ton 36 Butler St , tS25441- l 
Capac·ty) Elizabeth, N .J. 

07207 

Yoke-llead 1 Thomas & Betts 13642 1-29 $10 .00 Part of . 
(12-ton Co IS25441-l 
Capac~ty) 

Button Unit, l Thomas 6 Betts 13642-7 ~ 1 . 00 AN227-7 
Snap, Female Co 
Plus Screw 1 Thomas & Betts8 13642-8 

Co 

Button, Unit, l lbomas ti Betts 13642-31 ~1.00 AN227-10 
Snap, Male, Co 
Plus Screw 1 Thomas & Betts 13642-8 

Co 

* Order should request following modifications: 

8 ·n. screw length, ~ in. flange diameter, 7/16 in. flan ,ie thickness, 
and O. ps in. diameter flange mounting holes with holes re located 10 deg­
rees counterclockwise from present locations. (Reason for r location: 
IH th increased mounting hole and screw size. the screw heads do not clear 

- 2 -
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the ball bearing return tubes.) When in use, the tool should be mounted 
in a vise with the top section of the cap yoke and approximately 1/2 in. 
of the arms of the swi vel yoke held in the vise, with th_e square shank of 
the screw assembly up. The installation of the terminal on it~ wire can 
be accomplished with a maximum of 3.S turns of the screw and a maximum 
torque of 200 ft-lb applied to the square shank of th~ screw, or 100-lb 
of pressure applied to the wrench two feet from the screw. The ratchet 
handle obviates the necessity of turning the handle 360 degrees. The 
safety feature in the handle informs th operator when the crimp has been 
completed, provides safety for the operator, and prevents damage to the 
tool and dies. 

A torque of 200 ft - lb applied to the square shank of the screw provides 
20,800 lb of pressure to the dies, and is the manufacturer's maximum pres­
sure recommended for the ball hearing screw assembly. The use of the 
1S25441-1 swivel yoke head and cap yoke, which were desi g d to withstand 
12 tons (24,000 lb) of pressure, provide an adequate safety f tor, and 
permits easy installation and interchangeability of all die set accomo­
dated by the 1'1S25441-1 crimping head. The maximum permitted pressure of 
20,800 lb provided by the proposed tool pemits the installation of the 
following listed items on their wires: 

Spec No. 

mL-T-7928 

r.lIL-T-7~28 

MIL-T-7099 

m L-C-23216 

Item 

CU insulated te::1111nals 
and splices 

CU uninsulated terminals 
and splices 

AL tenninals and splices 

Contacts for connectors 

DEVELOPMENT METIIODS AND RcSULTS 

Preliminary 

Size MS No. 

8 thru 4/0 MS23002 

8 thru 4/0 MS90485 

8 thru 2 1S25442 

8, 4, and 1/0 Number not yet 
assigned 

The investigation was initiated by ascertaining the applied force in 
pounds necessary to complete the crimp on shes 8 through 4/0 insulated 
(MS25036) and \Dlinsulated (14520659) copper terminals covered by MIL-T-
7928E and ahainum (MS2S435A) terminals covered by MIL-T-70990. 

The forte was measured by utilizing only the swivel yoke and cap yoke 
of the M.525441-1 hydraulic crimping tool. These two yokes accommodate 
and retain all the standard crimping dies for the above-mentioned termi­
nals. A ram was designed that would apply a forc•e from a 30,000 lb com­
pression m chine directly to the movable die contained within the swivel 
yoke of th c imping tool. Applicable size MIL-W-S086A, reference (1), 
copper and MIL-W-70728, reference (m), aluminum wires were used with the 

- 3 -
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copper and alU11inum terminals, respectively. 1~e crimp was considered 
completed when the interfac s of the two die-halves aet, and th force id 
poW1ds necessary to bring them to that point was recoi:ded. The appHed 
forces are shown in table JI, and the tensile values of the crh1ped teJ'llinals 
are shdwn in t ab le I II. 

JJesign of Tool 

Early in t he investigation a decision was made to use the cap yoke 
and swivel yoke head of the ~1 2-;441-1 crim n tool as the bask part! 
of the proposed tool, as t 1ese parts were designed to withstand the great 
pressure necessary to install the tenninals on their wires, and all the 
pertinent die, were designed to easily snap into and out of the yok . 
In addition, consideration was given to the availability of these parts 
in the Navy supply svstom. 

n,e next step was to design the ram and a means of applying manually 
the necess~'.l:'y pressure to the ram, based on an o,erator applying a max­
imum of 100 lb of pressure on the handle or arm of the tool. Various 
means of supplying the pressura were attempted, inclu l ing the use of a 
large, heavy-built vise, a truck jack, and an arbor press. None were 
sat is factory, being inefficient, heavy, awkward. and in most cases not 
capable of supplying the required forces. 

A teview was made of commercially available, manually operated power 
developing devices capable of being easily joined to the swivel head 
without disrupting unduly the desired weight, size, and configuration of 
the unit. The search revealed a ball Learing screw assent>ly capable of 
Jevelop·ng a maximum safe pressure of 20,800 lb with a torque of 200 
ft-lb applied to the screw. TI1e device was procured and modified to fit 
the application. With the addition of certain machined parts necessary 
to atuch it to the swivel yoke head and make interface with the dies 
more efficiently, the device was installed in the swivel head. A photo­
graph of the ,~AVAIRDEVCEN prototype of the tool is shown in figure 3. 

The tool's maximum output of 20,800 lb permits it w:1e when crimping 
sizes 8 thr-ough 4/0 copper (MS20659 and !S25036) terminals, but restricts 
its use to crill!p.lng sizes 8 through 2 aluminum ( !S25435) teminals. 

The prototype tool was tested by crimping the above tenninals to 
their respective wires, using the applicable dies. l\'hen in use, the cap 
yo ·e is enclosed to a depth of 1-1/ in. in the jaws of a large vise 
mounted securely to a tahle. This results in about 1/2 in. of the sta­
tionary die and anns of the swivel yoke also being enclosed in the vise, 
but exposed the nest of the die. The square shank of the screw is up. 

The tool installed the terminals to their wires, and th tensile tests 
of the crimped terminals showed results within the range indicated on table 
I I I. The tests revealed that improvements coulci be obtained by the fol low­
ing revisions: 

- 4 -
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1. Revise the flange of the ball bearing ~crew assembly by increasing 

the diameter to 3 in., the thickness to 7/lo in., the diameter of the 

mounting holes to 0.375 in., and relocating the mounting holes 10 degrees 

counterclockwise from their present locations. The reds ions will 

increase the strength of the assent>ly and will permit the larger mounting 

screws to clear the bearing return tubes. 

2. Replace the handle with a ratchet torque wrench locked permanently at 

200 ft-lb to protect the operator and the tool. 

3. Specify installation of a protective boot to exclude contaminants 

from the screw and to protect the ball bearing return tubes. 

4. Specify.that the 3/4 to 5/8 in. socket square be fastened permanently 

to the square shank of the screw so as to eliminate a loose part, and to 

prevent the screw from falling out of the yoke head when the dies and 

cap yoke are removed. 

5. Specify that the installation of the set screws holding the buffer to 

the 1.,umper be such that they pcrmi t the buffer to rotate freely, thus 

reducing friction and wear during the crimping operation. 

In addition, the tool was used to crimp sizes 8, 4, and 1/0 mL-C-

232 16 contacts used in connectors. The crimping dies installed in the 

tool were developed by NAVAIRDEVCEN specifically for this purpose under 

a separate project. Tensile tests on the crimped contact-wire combina­

tion provided results comparah le with those obtained on the copper 

terminals. 

The proposed tool incorporating the above improvements is shown in 

figure 1. 

R E F E R E N C E S 

(a) NAVAIRSYSCO~t ltr Alll-340E:SES of 11 Jul 1968. 

(1J) Std No. MS9048~· , Uies for IS25441 Hydraulic C imping Tool (for 

Use with MS20659 Uninsulated Wire Terminals). 

(c) Std No. IS23002, Rev C, Die, , !S25441 Crimping Tool - For Use with 

~1S25036 Size 8 Through 4/0 Tenninals. 
(d) Std No. MS25442, l(ev C, lJies for ,1S25441 tlydraulic Crimping Tool 

(For Use with Aluminum h'ire Tenninals). 

(e) Std No. 520659, Rev 8, Terminal, Lug, Crimp Style, Copper, 

Uninsulated, Class 1. 
(f) Std No. ~1S25036, Rev D, Terminal, Lug, Crimp f,r.yle, Copper, 

Insulated, Class 1. 
(g) Std No. ,1S25435, Rev A, Tenninal, Lug, Crimp Style , Straight Typ~, 

for Aluminum Aircraft \'lire, Class 1. 

- s -
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(h) Std No. MS25441, ~ev C, Crimping Tool, Terminal, llydraulic Operate~, 
Wire Size 8 Through 4/0. 

(i) Spec No. MIL-T-7928U, Terminals, Lug and Srlice, Crimp Style, 
Copper. 

( j ) Spec No. MIL-T-70990, Terminals, Lug Crimp Style, for AlU11inum 
Aircraft \H re . 

( k) Spec No . MIL-C-23216A, Contact, Cri mp Style, Electric Connector, 
General. 

(1) Spec No. MIL-1~-5086A, Wire, Electrical, 600 Volts, Copper, Aircraft . 
(m) Spec No . MIL-W-7072B, Wire, Electric, 600 Volt, Aluminum Aircraft, 

General 5pecification for. 

T A B L E I 

COST COIPARISON OF ~tANUALLY OPERATED 
VERSUS FOOT PUMP OPERATE() CRIMPING TOOLS 

llydraulical ly Operated 

~1525441-1 12-ton installing head 
'.-1525441-3 10-ft hydraulic hose assembly 
MS25441-5 foot operated hydraulic pump 

Total 

~la1 ually Operated (NAVAIRUEVCEN Oeveloped) 

Cap yoke (part of IIS25441-l) 
Swivel yoke head (part of MS2544l - l) 
Ball bearing screw assembly 
Torque wrench 
Socket square (3/4 to 5/8 in.) 
Button Units, snap 
Machine shop work 
Nanufacturcr's markup 

Total* 

Manufacturer's Price as 
of Spring 1969 

~210.00 
60.00 

140.00 
~410.00 

S 42.UO 
100.00 
105 .00 
106 .00 

4.00 
2.00 
? 
? 

$359.00 + ? 

• The price of the manually operated tool would be considerably below 
that shown if it were mass produced . 

- 6 -
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" AHLE 11 

Cor.tPRlSSIO, FORCE IN POU~US TO CO WLlTE CRHIP 

Tcnninal and ~1S20659 MS25036 MS2543SA IHre Size (CU llninsulatecJ) (CU Insulated) (Aluminum) 

-~ 3,410 3,750 5,575 

6 4,050 6,000 9,250 

4 5,650 7,800 13,250 

2 5,<>75 10,751) 12,675 

1 (,, 875 10,125 • 
1/0 8,ll00 10,850 22,375 

2/0 8,500 15,500 21,775 

3/0 13,950 18,750 * 

4/U 15,350 20,750 * 

lligh l:i,350 20,75u 22,375 

Low 3,41U 3,750 5,575 

Uics used 'IS90485 IS23002 '. 1S25442 

l'i'irc used '.,!IL-I~ -508<> m L-W-508<, :11 L-1,-7072 

* Terminals not available 

- 7 -
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T A B L E I I I 

TENSILE VAWES (LB) OF CRUIPED Tl:RMINALS 

Terminal MS206S9 MS25036 MS25435 
and Specified Specified Specified 

Wire Size '.lcasured (min) Measured (min) , leasured (min) 

8 Iii 400 225 394 225 280 130 

Lo 365 378 240 

6 Iii 621 300 558 300 352 200 
Lo 555 542 234 

4 Iii 64 400 600 400 622 300 
Lo 506 362 362 

2 Iii 850 sso 1030 5Sfl 1240 500 
Lo 67S 720 1150 

1 Iii 960 650 12S0 650 • 700 
Lo 770 1120 

1/0 Iii 1150 700 1360 700 1840 ~)00 

Lo 1035 790 1h30 

2/0 Iii 1300 750 1S10 . 7S0 2134 llOO 

Lo 1160 1.'SlO 1~86 

3/0 Iii 1740 825 1780 82S * 1300 
Lo 1470 1610 

4/0 Iii 192S 875 2010 875 -* 1500 
Lo 1820 1925 

* Terminals not avail ab le 

- 8 -
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r WORK UNIT NO. 3 911 . OTHER IIEPORT NO CS I (Any olher numb••·,,.., mn• k •• • ,,,,.d 
/Iii• report ) 

d . 

10 OISTRIBUTION ST A TEMEN' 

EACH TRANSMl1T,\L OF nus DOCUMENT OUTSIDE ntE AGENCIES OF ntE U.S. GOVERNMENT 
~IUST HAVE PRIOk APPROVAL OF C~1NAVAIRDEVCEN OR C<J.1NAVAIRSYSC<J.t. 

II su r>PLI. MfN T ARV NOft:S 12 , SPO NSO RING MIL.11 AH V A C rt I/ITV 

NAVAL AIR SYSTE~L5 CQt.ttAND 
• DEPARTM(:NT OF THE NAVY 

ll A fl ST RAC T 

The manually operated crimping tool will install all mL-T-
7928E copper terminals size 8 through 4/0. and mL-T-7099 
aluminum terminals size 8 through 2. using the applicable 
MS23002. IS90485, or MS25442 crimping dies. Also, it will 
install size 8, 4, and 1/0 contacts. using NAVAIRDEVCEN pro ­
posed crimping dies. The tool was designed to be fabricated 
with items primarily obtainable from the military supply 
system. The recommended ratchet wrench incorporates a safety 
feature that prevents the application of excessive forces 
which might result in injury to operating personnel or damage 
to the tool. 
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CRIMPING TOOL 
L.\RGli SIZE TERM! ALS 
~~" UALLY OPERATED 

" 

DD ,'N~": .. 1473 (BACI". ) 

(PAGE 2) 

"r W Q l:f , 

AND CONTACTS 

I 1t, V ,._ L. 1'4" ft ' "'"" ,. 
J, flt I " . 11 ,,, r ,, ' h('J l., ' ,, ' 

f 

' . 

I 

. 
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Sc•,·unty Classification 
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